Introduction
Magnetic resonance is now the imaging investigation of choice for the posterior cranial fossa and for the spine, and has even been recommended as the primary imaging investigation for retrocochlear deafness', However, improved soft tissue contrast resolution means that MRI is valuable for imaging other parts of the head and neck. This paper discusses the role of MRI at and below the skull base.
Varying the repetition time and time to echo will control the effect of longitudinal (Tl) and transverse relaxation (T2)and therefore the signal from various tissues, both normal and abnormal, can be emphasized. In practice this means better discrimination of tumours from surrounding soft tissue structures of similar density such as muscle. Tl weighted sequences produce a high signal from fatty tissues, while tissues with a high fluid content have the strongest signal on T2 weighted images.
Parapharyngeal tumours
Masses in the parapharyngeal region often reach a size of 20-30 mm before they present in the pharynx or as a lump in the neck. The introduction of CT scanning greatly improved the preoperative assessment by providing the surgeon with an indication of the size and extent of a parapharyngeal mass. It became possibleto'decide whether a mass was situated in the anterior compartment which is in front of the styloid process, or behind, usually within the fascial sheath surrounding the mejor vessels.The relationship of the mass to surrounding structures, and particularly to the major blood vessels, is better shown by magnetic resonance.
Masses in the anterior compartment are usually of salivary origin, although not always from the parotid gland. Differentiation of medially placed tumours of the deep lobe of parotid from those arising from salivary cell or a minor salivary gland can be made more easily by MRI, but it is not as important surgically as demonstration of the superior limit ( Figure 1 ). Generally the tumours of salivary origin have a fairly homogeneous appearance with high signal intensity on T2 weighted sequences and an intermediate signal on T1 2 • One tumour in our seriea, obviously arising from the deep lobe of parotid, had the characteristics of a mucocoele with a very bright T2 signal and a negative signal on the inversion recovery sequence. Discussion of the histology after surgery gave the answer; the tumour had undergone pronounced myxoid degeneration and was in effect a 'mucocoele'.
Clinical evaluation of patients who have undergone surgery or radiotherapy is usually difficult. We agree with others3.4 that MR delineates structures in the post-treatment neck better than CT, and makes recognition of recurrences easier, especially on the T2 weighted sequences which show a bright signal from tumour contrasting with lower intensity muscles. Masses in the posterior compartment are usually of neurogenic origin, having similar signal characteristics to salivary tumours, or they are of the chemodectoma (glomus vagale) type. In both cases they tend to displace the major blood vessels forward or separate them", Glomus tumours have in addition an almost pathognomonic appearance. Serpiginous areas of signal void are due to the vascular channels and these alternate with other areas of high signal, especially after enhancement by GdDTPA to give a non-homogeneous appearance ( Figure 2 ).
Skull base tumours
Bone erosion is the most important feature of tumours of the skull base, and this is best assessed by CT. Erosion ofthe normal clear-cut margins of the jugular fossa, demonstrable by conventional imaging, is still the most important sign of a glomus jugulars tumour. Magnetic resonance is thus secondary to CT, but may be a very valuable adjunct as tumours are displayed in toto. This was most evident in a case of midline chordoma, and the intracranial extension was also displayed best ( Figure 3 ). The tumour had an inhomogeneous appearance on both Tl and T2 weighted protocols. It was best shown on the Tl sequence as a well-defined encapsulated mass with areas of high and low signal. Similar appearances have been described by others 6 • 7 • The role of magnetic resonance imaging for glomus tumours of the skull base has not yet been fully assessed. Tumours of both the jugulare and tympanicum types are shown as a soft tissue mass of mixed intensity on both Tl and T2 weighted images with serpiginous areas of signal void in all tumours more than 20 mm in diameter. These areas represent fast flowing bloodin bloodpoolsand fair-sizedtumour vessels, and are in fact a feature of all vascular tumours, including juvenile angiofibromas. In the Figure 3 . a, Coronal MR scan ofa large chordoma extending upwards from the clivus (arrows) SE 450/30. b, A sagittal scan shows the distortion ofthe brain stem stretched over the tumour which has burst out of its capsule (arrow) petromastoid they are almost diagnostic of a glomus tumour extending downwards into the neck, and are better shown by MR than by CT. The multiplanar imaging possibility is of considerable advantage in this latter area in particular.
The treatment ofglomus tumours is by radiotherapy or radical surgery: the latter, where technically feasible, is now being recognized by most authorities as the preferred treatment, at least in the younger patient. Microsurgical techniques and cooperation between otologists, head and neck surgeons and neurosurgeons, now permit the removal of even very large glomus tumours with limited morbidity. However, the surgical approach to any individual tumour is determined by the precise extent of the tumour. Thus, a small glomus tympanicum may be removable via a limited transmeatal tympanotomy, whilst a large glomus jugulare may be manageable only by an extensive infratemporal fossa approach, such as that described by Fisch", Intermediate-sized tumours may be removed by a transmastoid approach.
If such surgery is to be planned optimally, an accurate pretreatment assessment of the extent of the tumour is necessary, with reference to surgically important structures and, in particular, the roof of the jugular fossa, the segments of the carotid canal, the foramen lacerum, the internal auditory meatus and the posterior cranial fossa. The most critical area from the surgeon's point of view is the dome of the jugular fossa, where anything more than the most minor involvement by tumour means that the more major infratemporal surgical approach is necessary, instead of the relatively minor tympanomastoid approach. This, in essence, means that there is a need to distinguish between the larger glomus tympanicum, which has spread downwards to involve the jugular bulb, and the small glomusjugulare, which has spread only upwards into the middle ear. In the situation where the bony plate forming the dome of the jugular bulb is clearly visible on CT or conventional imaging no problem arises, but unfortunately the variable thickness, position and shape of this partition often makes it difficult to demonstrate reliably, even by sectional imaging.
We examined 9 patients with glomus tumours of the petrous temporal bone by MRI using Tl and T2 weighted protocols and mostly by imaging in 3 planes. Differentiation from normal soft tissue structures in and around the petromastoid depends on the pulse sequence", Imaging studies combined with clinical appearances made a confident diagnosis of glomus tympanicum possible in 4 cases. Four large glomus jugulare tumours all showed characteristic erosion of the jugular fossa on CT.
We have used gadolinium DTPA enhancement for 3 glomus jugulare and 4 glomus tympanicum tumours. All tumours showed some degree of enhancement, especially on inversion recovery sequences; small tumours in the middle ear became far more apparent and the boundaries of the tumours were defined more clearly, especially at points of intracranial extension, but the main significant advantage was to show the tumour clearly different from fluid in the middle ear cleft and mastoid. One large glomus tympanicum tumour had been explored and partially removed prior to imaging. Computed tomography and unenhanced MRI were of little help in showing the residual tumour in the middle ear, although CT confirmed that the jugular fossa appeared normal and intact. Further MR pulse sequences after intravenous injection of GdDTPA showed an intensely enhancing mass in the upper middle ear cavity with a configuration similar to the area of pathological circulation shown on the angiogram.
We have found the Gd enhancement of glomus tumours of the middle ear cavity particularly useful for two important differentiations 9 , firstly to distinguish tumour from serous otitis fluid on the Tl weighted images, and secondly to show the mass in the middle ear clearly separate from the dark void of flowing blood in the jugular fossa. Differentiation to confirm a tympanicum type of tumour is otherwise dependent on angiography or the convincing demonstration of an intact floor to the middle ear cavity.
For the space occupying lesions of the petrous apex, Journal of the Royal Society of Medicine Volume B1 November 19B8 651 Figure 4 . Axial MR scan at the levelofcochlea and lAM shows an intense signal from a large cholesterol cyst in the petro us apex BE 2000/50, but equally intense on other protocols a sound knowledge of the relevant anatomy and comparison with the CT scans is essential to avoid confusion with the strong signal from marrowfat on the Tl weighted images. In our experience cholesteatomas have shown an intermediate signal intensity on Tl weighted images and a bright signal on T2. This applies to both congenital and acquired varieties, and is of course non-specific, although the soft tissue mass is well demonstrated. Cholesterol granuloma represents a foreign body tissue response to obstruction of a normally aerated complex in the temporal bone, and is frequently encountered in the middle ear or mastoid as a sequela of a variety of ear disease. The middle ear variety tends to be non-destructive. The incidence of cholesterol granuloma in the petrous apex is thought to be more common than primary cholesteatoma or primary mucocoele10. The symptoms of cholesterol granuloma of the petrous apex may be obscure and non-specific. They include hearing loss, dizziness, headaches, and tlnnitus!'.
The CT appearances of the two conditions are characteristic but similar, and they cannot be differentiated by CT. However, the cholesterol granulomas show an intense signal on all MR protocols (Figure 4) . The importance of this differentiation lies in the requirement for less radical surgery than if the lesion is a cholesteatoma.
Discussion
Magnetic resonance scanning is expensive and its availability limited. Careful consideration therefore needs to be given to its practical value in assessment of masses at or below the skull base when compared with clinical assessment and other imaging methods, in particular computed tomography. Better soft tissue contrast, freedom from artefacts, relation to major blood vessels, evaluation of tumour encasement of vascular structures and multiplanar imaging are all significant advantages of MR. Imaging in the sagittal plane, not satisfactorily achieved by CT, can be very useful (Figure 3 ).
We believe that these advantages are such that masses in the parapharyngeal region, excluding those such as lymphoma if part of a generalized disease, should have MRI as the primary imaging investigation. We have not had a chance to assess fully the role of MRI for malignant cervical adenopathy, but preliminary experiences suggest that it is better than CT for demonstrating neck nodes. Masses extending up and through the skull base are often best shown by MRI, but generally speaking such tumours are demonstrated primarily by CT, with MRI providing a valuable complementary examination in selected cases. Limited experience with the paramagnetic agent gadolinium DTPA (Schering AG) for glomus tumours indicates that tumour enhancement further helps differentiation from surrounding soft tissues and more clearly defines the margins of the tumour. The present poorer spatial resolution of MRI when compared to CT can be partly overcome by the use of surface coils, although these do have disadvantages. Increasing value of MRI for head and neck tumours seems assured.
